Abstract
Introduction

46
The Laurentian Great Lakes region, with its wealth of natural resources and maritime and 47 railroad transportation systems, underwent rapid industrialization and ultimately a legacy of 48 chemical contamination in many of its rivers and harbors.
49
The National Oceanic and Atmospheric Administration (NOAA), National Centers for Coastal
50
Ocean Science, Mussel Watch Program (MWP), uses dreissenid mussels to monitor chemical Technology (NIST), to conduct a pilot project to implement alternative biomonitoring techniques 54 that complement chemicals concentrations measurements in environmental media (water, 55 sediment, biota). This paper describes an oxidatively induced DNA damage monitoring tool 56 applied to the dreissenid mussel species to distinguish reference site from impacted sites in the 57 Ashtabula River harbor and nearby Lake Erie.
58
After entering an aquatic system, contaminants can move between media, for example through 59 accumulation in the food chain or through deposition in sediments. Contaminants can cause 60 alterations at different levels of the hierarchy of biological organizations 1 . Among numerous 61 contaminants, legacy and of emerging concern (CEC), found in the Ashtabula River harbor,
62
PAHs, PCBs and trace elements are of particular concern, with most of them being toxic even at 
Materials and Methods
94
Study Area and Sample Collection
95
The Ashtabula River flows into Lake Erie and like many rivers of the Great Lakes it received 96 industrial pollution in the years prior to environmental laws and regulations. Chemical 97 contamination from PCBs, PAHs, and heavy metals, led to restrictions on fish and wildlife 98 consumption, degradation of fish and wildlife populations, and loss of fish and wildlife habitat.
99
In 2014 all management actions to clean up the Ashtabula River had been completed.
100
Samples were collected from two sites (LEAR-1 and LEAR-3) outer Ashtabula harbor and from analysis of over 100 chemical contaminants. Scuba divers removed dreissenid mussels from rock 108 substrate using stainless steel scrapers, placed them in a nylon mesh bag, and upon surfacing Gas chromatography-tandem mass spectrometry
142
Gas chromatography-tandem mass spectrometry (GC-MS/MS) with isotope-dilution was 143 used to identify and quantify modified DNA bases and 8,5′-cyclopurine-2′-deoxynucleosides. A 144 set of DNA samples was used to identify and quantify oxidatively induced DNA base lesions 5-145 hydroxy-5-methylhydantoin (5-OH-5-MeHyd), thymine glycol (ThyGly), 5,6-dihydroyuracil 146 (5,6-diOH-Ura), 4,6-diamino-5-formamidopyrimidine (FapyAde), 2,6-diamino-4-hydroxy-5-147 formamidopyrimidine (FapyGua) and 
173
Another set of DNA samples (50 μg each) was used for the measurement of 8,5′- 
Results
207
We identified and quantified six DNA base lesions and three 8,5'-cyclopurine-2'-208 deoxynucleosides in DNA of zebra mussels from the Ashtabula River harbor (LEAR-1 and 209 LEAR-3) and the reference site (LEAB) using GC-MS/MS with isotope-dilution. The identified 
221
To the best of our knowledge, our work is the first to present application of quantitative mass 222 spectrometric assessment of oxidatively induced DNA base damage in dreissenid mussels from a Figure 4 shows the representative concentrations of fourteen PAHs damage of concentration of contaminants absorbed and metabolized through mussels' digestive 258 and respiratory structures than already accumulated in the tissues. Those findings point also to 259 the sensitivity of the employed technique, which can distinguish between organisms exposed to 260 different concentrations of pollutants; one should notice that the lower concentration of some 261 pollutants has been also found in tissues of mussels at LEAR-3, e.g., acenaphtylene, fluorene, and animal tissues in vivo (reviewed in 45, [49] [50] [51] Biomarkers of oxidatively induced DNA damage in dreissenid mussels: A genotoxicity homogenized, an aliquot of the sample was transferred to a clean 40 dram snap vial and frozen.
721
The frozen aliquot from the bulk homogenization step was placed in a freeze drier and allowed to 722 dry for several days, depending upon the total mass of tissue being dried at one time. In some weighed into a 70 mL snap cap vial. Concentrated H2SO4 (2.5 mL) and 1.5 mL of concentrated
740
HNO3 were added and the samples heated in a digestion block at 90 °C to 95 °C for 30 min.
741
After cooling, 10 mL of distilled water, 10 mL of 5 % (w/w) KMnO4, and 5 mL of 5 % (w/w) of 
